Methods FAF photography with blue light (BL-FAF) and near-infrared light (NIR-FAF) was performed on 10 eyes of five patients using a confocal scanning laser ophthalmoscope before and after treatment. The FAF images were followed for 6 months and retrospectively reviewed with comparisons of the other imaging modalities.
INTRODUCTION
VogteKoyanagieHarada (VKH) disease is a bilateral panuveitis accompanied by systemic disorders of the nervous, auditory and integumentary systems. 1 In spite of diffuse choroidal inflammation, inflammatory cell infiltration is thought not to encroach into the choriocapillaris and the overlying retina. 2 However, the exudative retinal detachment and the pinpoint leakage on fluorescein angiography typically seen during the acute stage of VKH disease indicate alterations in the retinal pigment epithelium (RPE). In addition, chorioretinal depigmented lesions or RPE clumping are seen as the late manifestations of VKH disease.
2e4 Therefore, subclinical stress on the RPE should be present in the course of VKH disease.
Fundus autofluorescence (FAF) photography with short wavelength light enables the visualisation of lipofuscin in RPE and provides information about functional and metabolic changes in RPE. This method has been applied on various disorders involving RPE, such as age-related macular degeneration 5e9 and central serous chorioretinopathy, 10 as well as inflammatory disorders. 11 12 Recent reports utilised near-infrared light for FAF photography and provided additional information for the characterisation of several disease entities. 13e16 Melanin, or melanin compounds, are thought to be the main source of FAF induced by near-infrared light, although some contributions from other possible fluorophores cannot be excluded. 14 In this study, we investigated sequential changes in FAF characteristics in acute VKH disease before and after treatment by means of the two different wavelength lights.
MATERIALS AND METHODS
In this study, the FAF images of 10 eyes of five patients with acute VKH disease seen at Kyoto Prefectural University of Medicine between April 2008 and September 2008 were retrospectively reviewed. The five patients consisted of two men and three women who were observed for at least 6 months before and after treatment at our hospital.
The diagnosis of VKH disease was made based on the revised diagnostic criteria. 3 Serous retinal detachment documented as gradual dye pooling of subretinal fluid and optic nerve staining were revealed by fluorescein angiography. 3 Indocyanine green (ICG) angiography was also performed before treatment and showed irregular and multifocal hypofluorescence, patchy or delayed filling, and indistinct choroidal vessels in the earlier phases with some hyperfluorescence over the posterior pole in the late phase. All of the angiography and FAF photography were performed with a confocal scanning laser ophthalmoscope (Heidelberg Retina Angiograph 2, HRA2; Heidelberg Engineering, Heidelberg, Germany). Bluelight FAF (BL-FAF) photography was performed using a 308 field of view and 5123512 pixel resolution centred on the macula. The modality uses blue light at 488 nm for excitation and a barrier filter at 500 nm. In addition, near-infrared FAF (NIR-FAF) photography was performed with an excitation filter of 789 nm and a barrier filter of 800 nm normally used for ICG angiography. The best nine and 15 images were taken and averaged to obtain a single image for BL-FAF and NIR-FAF, respectively; representative images of BL-FAF and NIR-FAF in a normal eye are shown in figure 1 . Optical coherence tomography (OCT) images were obtained with a timedomain OCT (Stratus OCT, version 4.0.1; Carl Zeiss Meditech, Inc., Dublin, California, USA) or a Figure 1 The healthy right eye of a 32-year-old man. The blue-light fundus autofluorescence (BL-FAF) photography (A) and the near-infrared FAF (NIR-FAF) photography (B) demonstrated hypoautofluorescence caused by the major retinal vessels and the optic disc. In the BL-FAF photography, the FAF from the central fovea is obscured by the macular pigment, which absorbs short-wavelength light, whereas the NIR-FAF showed subtle hyperautofluorescence in the central macula. figure 2D , asterisks) caused hypoautofluorescence. At 1 month after the steroid pulse, the BL-FAF (C) showed subtle hyperautofluorescence (arrows) around the central fovea, whereas the NIR-FAF (D) showed wider and more evident hyperautofluorescence in the macula (arrows). At 6 months, the BL-FAF (E) and the NIR-FAF (F) returned to normal. The colour photograph (G) and the optical coherence tomography (OCT) (H, the location is indicated with an arrow in (G)) at 6 months showed no abnormal findings. Arrowheads in (H) indicate the intact boundary between the photoreceptor inner and outer segments (IS/OS).
spectral-domain OCT (3D-OCT 1000 Mark II; Topcon Corp., Tokyo, Japan).
RESULTS
All 10 eyes of the five patients presented with serous retinal detachment in the macula at the initial visit (figures 2 and 4). The mean age of the five patients was 40 years. The clinical characteristics of the five patients are summarised in table 1.
In accordance with the revised criteria for VKH disease established by the International Nomenclature Committee, 3 all five patients were classified as incomplete VKH.
Of these five patients, two patients (Cases 1 and 2) presented to our hospital immediately after the ocular symptoms. Two patients (Cases 3 and 4) were insufficiently treated with lowdose oral prednisolone for 4 and 7 weeks, respectively, before the initial visit to our hospital. The other patient (Case 5) received no treatment for 3 weeks after the initial ocular symptoms.
All five patients were hospitalised at our hospital soon after the initial visit, and were treated with steroid pulse (intravenous drip infusion of 1000 mg methylprednisolone/day for three consecutive days) followed by a 50e60 mg daily dose of oral prednisolone, resulting in complete resolution of the retinal detachment within 2 weeks. The dose of oral prednisolone was gradually tapered over more than 6 months.
Four eyes of two patients (Cases 1 and 2), who had undergone steroid pulse immediately after the onset of ocular symptoms, demonstrated mild and uniform hyperautofluorescence in the macula mixed with hypoautofluorescence inside, but not in all areas of the serous retinal detachment at the initial visit, particularly in NIR-FAF ( figure 3A, B) . That hyperautofluorescence was seen in the areas of irregular hypofluorescence in the macula observed on ICG angiography, but the multifocal hypofluorescence on ICG angiography was more numerously and more extensively observed ( figure 2D ). After resolution of the serous retinal detachment, the hyperautofluorescence remained for at least 1 month after steroid pulse, wider and more clearly in NIR-FAF than in BL-FAF ( figure 3C, D) . With time, the hyperautofluorescence in the macula decreased in both size and intensity, and there appeared to be no abnormal FAF at 6 months after steroid pulse ( figure 3E, F) . OCT did not show any abnormalities at 6 months ( figure 3H ).
Six eyes of the other three patients (Cases 3, 4, and 5), who had not undergone steroid pulse until 3e7 weeks after the onset of the ocular symptoms, initially showed diffuse and mottled hyperautofluorescence over the posterior pole, more clearly demonstrated in NIR-FAF ( figure 5A, B) . In addition, four eyes of two patients (Cases 4 and 5) demonstrated hypoautofluorescence in the areas of serous retinal detachment, but two eyes of one patient (Case 3) showed no hypoautofluorescence in spite of the retinal detachment. After resolution of the retinal detachment, all six eyes gradually showed placoid hyperautofluorescence in the macula, and surrounding scattered hyperautofluorescence accompanied by radial patterns of hyperautofluorescence around the optic disc ( figure 5C, D) . That hyperautofluorescence corresponded to irregular and multifocal hypofluorescence on ICG angiography, but the hypofluorescent spots on ICG angiography were more numerous and extensive. The radial hyperautofluorescence appeared to be consistent with choroidal folds seen in the angiograms (figures 4D and 5C, D). 21 The pattern of hyperautofluorescence in NIR-FAF was similar to that in BL-FAF, but more evident in NIR-FAF. Such hyperautofluorescence in BL-FAF and NIR-FAF gradually decreased in size, yet contrary to Case 1 and Case 2, increased in intensity in the fovea, showing granular hyperautofluorescence with some hypoautofluorescent dots surrounded by larger placoid hyperautofluorescence at 6 months ( figure 5E, F) . Some areas of that granular hyperautofluorescence in the fovea appeared to correspond to yellowish or punctate pigmentary dots at the level of the RPE seen in the colour photographs ( figure 5G ), but the distribution of the granular hyperautofluorescence was more widespread. In one patient (Case 5), the choroidal inflammation relapsed two times in conjunction with the choroidal folds (at 3 months and 5 months after steroid pulse), but the BL-FAF and the NIR-FAF did not change before and after the recurrent episodes. OCT showed multifocal thickening of the RPE monolayer, some of which was consistent with granular hyperautofluorescence in the fovea ( figure 5I ). In the areas of placoid hyperautofluorescence, the OCTshowed defects in the boundary between the photoreceptor inner and outer segments (IS/OS) with no RPE abnormality (figure 5H).
DISCUSSION
This study investigated 10 eyes of five patients with acute VKH disease, and demonstrated their sequential changes in FAF. We found that the abnormal FAF occasionally persisted at 6 months after steroid therapy even after complete resolution of exudative retinal detachment in patients who received late effective steroid treatment.
The FAF patterns after the resolution of retinal detachment seen in this study can be divided into two patterns. The first pattern was seen in the patients who had undergone immediate intensive treatment with steroid pulse and showed mild hyperautofluorescence during the early phase of the disease. The hyperautofluorescence then decreased in size and intensity with time, resulting in normal FAF at 6 months. The second pattern was seen in the patients who had not undergone immediate treatment with steroid pulse and showed scattered and widespread hyperautofluorescence during the early phase. The hyperautofluorescence concentrated centripetally with time, resulting in some hyperautofluorescent dots mixed with hypoautofluorescent dots more evident in NIR-FAF than in BL-FAF at 6 months. Previous studies have found that the interval between the development of ocular symptoms and treatment seemed to be an important predictor for visual outcome. 22 23 Early and sufficient treatment with a high-dose steroid may be important to protect the RPE from metabolic and functional stress and preserve the visual function. FAF photography longitudinally enabled the visualisation of such stress on the RPE.
In this study, we used NIR-FAF photography in addition to the conventional BL-FAF photography. This method was recently introduced, 13 14 and is thought to visualise oxidised melanin or compounds closely associated with melanin. 14 Although the BL-FAF has been applied to many posterior diseases, the absorption of the short wavelength light by the macular pigment often obscures the precise condition of the RPE in the macula. In this study, the NIR-FAF showed similar patterns to the BL-FAF, but more evidently in the NIR-FAF. The NIR-FAF is known to originate in part from the RPE, 14 and it is not blocked by the macular pigment. Therefore, the NIR-FAF may have potential to be an alternative method for detection of early RPE disturbance seen in acute VKH disease, as well as other posterior diseases. 15 16 Although our study included a small number of patients, comparisons between FAF photography and the other imaging modalities indicates some implications. The hyperautofluorescence seen in the early course of the disease corresponded to irregular and multifocal hypofluorescence on ICG angiography.
Such hypofluorescence on ICG angiography is thought to represent the choroidal inflammatory foci in acute VKH disease, 17 suggesting that choroidal inflammation affected the RPE metabolism in all five cases. However, early treatment with a high-dose steroid might have prevented the persistent damage in Case 1 and Case 2. On the other hand, the three cases treated late after the onset of symptoms showed a gradual concentration of abnormal FAF in the macula, exhibiting granular hyperautofluorescence and hypoautofluorescence in the central part surrounded by placoid hyperautofluorescence at 6 months. As shown in figure 4 , the areas of placoid hyperautofluorescence showed a normal RPE monolayer with the defect of IS/OS in OCT, thus suggesting that there was RPE dysfunction affecting the photoreceptor layer. The central granular hyperautofluorescence corresponded in part to multifocal thickening of the RPE monolayer visualised in OCT and to yellowish granules or pigmentary dots seen in the colour photographs. Future studies using higher-resolution OCT may clarify the precise relationship between the morphological alterations and the FAF findings.
It should be noted that this study has limitations due to the small number of patients and the limited follow-up period. In addition, retrospective design did not allow us to show more detailed correlation between the FAF photography and the other imaging modalities. We also acknowledge that our results might have been influenced by other factors such as age, since a younger age at onset was found to be a prognostic factor for better visual outcome. 23e25 However, and to the best of our knowledge, this is the first study to demonstrate the sequential changes in FAF and provide information about the condition of the RPE in acute VKH disease. It remains unclear at this point whether adjusting the dosage of the oral steroid treatment or other immunosuppressive agents following the initial immediate and sufficient treatment with a high-dose steroid can alter the course of the abnormal FAF and visual outcome. Future studies are required to elucidate this matter.
